ABSTRACT Purpose: Determine the effects of the MSG (monosodium glutamate) in the offspring of pregnant rats through the comparison of the weight, NAL (nasal-anal length) and IL (Index of Lee) at birth and with 21 days of life. Methods: Pregnant Wistar rats and their offspring were divided into 3 groups: GC, G10 and G20. Each of the groups received 0%, 10% and 20% of MSG, respectively from coupling until the end of the weaning period. Results: Neither weight nor NAL were different among the groups at birth. The group G20 at birth had an IL lower than the group GC (p<0,05) and with 21 days of life presented weight and NAL lower than the groups G10 and this lower than the GC (p<0,01). Otherwise the G20 at 21 days of life had the IL similar to the other two groups. The weight profit percentage from birth to the 21 st day of life was lower in the G20 regarding the other two groups (p<0,01). The G20 had a NAL increase percentage from birth to the 21 st day of life lower than the G10 and this lower than the GC (p<0,01). Conclusions: MSG presented a dose-dependent relation in the variables weight and NAL. It caused a decrease in the growth pattern as well as in the weight gain pattern until the 21 st day of life. The IL of the group 20% had an increased in relation to the control group after 3 weeks of follow up. Key words: Obesity. Sodium Glutamate. Pregnancy. Rats.
Introduction
Obesity can be defined as excess weight with a body mass index (BMI) higher than 30 kg/m 2 . Morbid obesity is a much more serious condition. It is usually correlated with 170% higher weight than the ideal weight 1 or, yet, a BMI higher than 40 kg/m 2 . The number of individuals with weight above the normal is reaching epidemic proportions around the world, causing serious health damage and shorter longevity 2 . The etiology of obesity is multifactorial and, in many countries, it is already considered as a problem of public health, including Brazil. Obesity rates have triplicated when we analyze data from 1980, collected in North America, United Kingdom, Oriental Europe, Middle East, Pacific Islands, Australia and China [3] [4] [5] [6] . The World Health Organization officially states that "obesity is responsible for 2 to 6% of the total cost of health care in several developing countries." The Brazilian situation can be best visualized through the social communication report of 12 /16 th /2004 of the Brazilian Institute of Geography and Statistics (IBGE), in which the [2002] [2003] Research of Family Budgets was published showing that the excess weight in the Brazilian population is already a problem of greater magnitude than malnutrition. Owing mainly to these reasons, the interest to move forward towards a wider and more advanced knowledge on the mechanisms involved in the emergence, maintenance and increase of the world's obesity has increased.
Hermanussen et al. 7 , in an observational study held in Germany, provided evidence that morbid obese young women are of inferior stature than the average population. The same study also evidenced that the mean height of newly born babies in Germany is progressively shorter when the mother's BMI is higher than 38 kg/ m 2 .
Monosodium glutamate is a non-essential amino acid found in food with great amounts of protein, such as meats, fishes, cheeses and vegetables. When detected by the taste buds, it signals the protein presence in the diet. MSG is artificially added to food to provide an expansion and extension of taste (it stimulates receptors located in taste buds) 8, 9 . MSG is considered a flavorizing agent, being used thoroughly in industrialized food. Its production increased from 200.000 tons/year in 1969 to 800.000 tons/year in 2001, which reflects its crescent use in the food industry 7, 10 . Glutamic acid (GLU), a metabolite of MSG, acts in the intermediary metabolism and as a constituent of the proteins in all the cells of the body, besides acting in the brain as an excitatory neurotransmitter. The largest amount of GLU daily ingested by humans mainly comes from the proteins of the diet. A small amount is present in food as the free glutamate and the MSG. Either this is a natural constituent of some foods, or it is added artificially as a flavorizing agent 11 .
Researchers from around the world have been endeavoring efforts seeking the understanding of the physiopathology of obesity. One of the obesity theories is related to MSG. It is known, through experimental studies in rats that MSG administered subcutaneously in newborns leads to lesion of the hypothalamic nucleus [12] [13] [14] [15] [16] [17] . When MSG is administered orally in female pregnant rats, it might as well cause alterations in the hypothalamus of the offspring with its consequences, such as a decrease in the secretion of GH and obesity, among others 7, 10 . The theory of obesity related to MSG is corroborated by many factors such as the great increase on the world's production of MSG over the last decades, its growing and indiscriminating use in industrialized food, the increase in its consumption and also the progressive increase of the obesity rates throughout the continents [3] [4] [5] [6] [7] [18] [19] [20] . It is believed that pregnant women are exposed to this substance, which means that they are consuming MSG more and more during the gestational period, and this could have a connection with a future obesity of the newborn, who would have suffered some kind of hypothalamic lesion while inside the uterus. A consensus on MSG from 2007 21 states that the placentary barrier controls the passage of GLU from the maternal plasma to the fetus, metabolizing it before it reaches the fetal circulation. In a study with pregnant rhesus monkeys, it was shown that it would be necessary a very high serum maternal concentration of GLU, of about 2.800 µmol/l, in order for the passage of GLU from the mother to the fetus to take place 22 . The great similarity and homology among the genomes of the rodents and of the humans turn the animal models into an important tool for the study of conditions that affect us and that can be simulated in rats. The hypothalamic lesion caused by the parenteral administration of MSG in rats, which leads to obesity, is already known, but little is known from when it is administered orally 7, 10, 23 . We conducted an unpublished study in rats when we administered MSG since the initial period of coupling and throughout the gestational period including the breast feeding period.
The objective of this study was to evaluate the effect of MSG in the fetuses of female pregnant rats during the pregnancy and the weaning period. We compared the weight, nasal-anal length (NAL) and the Lee's index (IL) at birth and with 21 days of life of the offspring of female rats fed with ration supplemented with MSG.
Methods
The Commission of Research and Ethics in Health approved this controlled experimental study, which was held in connection with the Group of Research and Post-Graduate Program of the Clinics Hospital of Porto Alegre. We followed the technical standards and international guidelines for research on animals.
Twenty nine animals of the Rattus norvegicus albinus species were used of the Wistar lineage, being 20 female rats and nine male rats in reproductive age (older than 60 days of life), coming from the Center of Animal Reproduction and Experimentation of the Laboratory of the Institute of Basic Sciences of the Health (UFRGS). The study was conducted in the Center of Research of the Clinics Hospital of Porto Alegre. The rats were individually settled in plastic boxes in a regimen of lights on and off every 12 hours. The feeding of the rats was made through triturating standard ration for rats with MSG being added in the concentrations of 0, 10 and 20%. The rats were divided into three groups, in accordance with the ration that they received: group control (GC), group 10% (G10) and group 20% (G20). The ration was presented to the rats in small "coach-houses" made for such purpose. The ration and water consumption both offered freely, was measured during the whole experiment. After 7 days of coupling, the female pregnant rats were placed in separate boxes. Alimentary and water control became individual and daily until the date of the birth, always at noon.
On the day of the birth and until the 21 st day of life, weight, NAL and consumption of water and ration checks were conducted. At the end of this period, the nestlings were anesthetized with isoflurane 24 for new checks and submitted to euthanasia through the CO 2 chamber.
Statistical analysis
The quantitative variables were described by the mean and standard deviation. These variables were compared among the groups by the test of variance analysis (ANOVA) followed by the Tukey test to conduct multiple comparisons. The ANOVA test for repeated measures compared the means through time and the variation in the time of the groups. A 5% significative level was used.
Results
After 20 females were placed in coupling, we obtained 14 female pregnant rats and a total of 121 births, in accordance to Figure 1 .
Weigh (in g) and NAL (in cm) on the day of the birth with its respective means and standard deviations can be visualized in Table 1 . There was no difference in these parameters at birth in the comparison among the groups.
The weight (in g) and NAL (in cm) on the 21 st day of life with its respective means and standard deviations were: 25,2 (3,14); 23,2 (2,08) and 16, 6 (1,97) (p < 0,01) and 9,4 (0,44); 9,1 (0,26) and 8,1 (0,34) (p < 0,01) in the respective groups GC, G10 and G20. After comparison of the groups in pairs (Tukey test), we verified that the three groups are different from one another and they present decreasing values for weight increase and NAL in the following order: group GC, G10 and G20, according to Table 1. IL is equivalent in rats to the BMI used in humans. At birth and with 21 days of life for the groups GC, G10 and G20 with mean and standard deviation, the values of IL were, respectively, 367 (17,2); 361,4 (9,2) and 358,8 (12,2) (p < 0,05) and 311 (9,65); 314,8 (5,27) and 313,3 (4, 6) . At birth, there were only differences among the groups GC and G20, in accordance to Table 1 and Figure 2 .
The weight increase percentage from birth to the 21 st day of life among the three groups presented difference among the groups GC and G10 compared to G20 (p < 0,01), which had lower gain percentage than the others, as summarized in Figure 3 .
The NAL increase percentage from birth to the 21 st day of life among the groups evidences a decreasing gain percentage among the groups GC, G10 and G20, respectively (p < 0,01), according to data presented in Figure 4 .
The ration consumption had mean and standard deviation of 22,6 g (7,25); 24,8 g (6,49) and 22,4 g (5,92) in the groups GC, G10 and G20, respectively (Table 2 ). There was no statistical difference among the groups.
The average consumption (standard deviation) of water in ml was of 42,1 (12,02); 62,8 (10,77) and 73,0 (23,71), respectively, in the groups GC, G10 and G20 (p < 0,01). The consumption of water was increasing among the groups GC, G10 and G20, in that order, as data presented in Table 2 .
FIGURE 1 -Fluxogram with the formation of the groups with the number of rats which coupled, the number of pregnant rats and the number of offspring which had been born TABLE 1 -Weight, NAL and IL at birth and at 21 days of life of the offspring of rats which had a consumption of ration with MSG being added in the concentrations of 20% (Group 20%), 10% (Group 10%) and pure ration (Control Group) FIGURE 2 -Lee Index at birth (Lee I Birth) (p < 0,05) and at 21 days of life (Lee I 21 days) (p = 0,179) of the offspring of rats with MSG being added in the concentrations of 20% (Group 20%) and pure ration (Control Group) FIGURE 3 -Percentage of weight gain from birth until the 21 st day of life of the offspring of rats which had a consumption of ration with MSG being added in the concentrations of 20% (G20), 10% (G10) and pure ration (GC), where GC and G10 groups showed higher weight gain percentage than the G20 group (p < 0,01)
Discussion
Data analysis shows that both weight and NAL of the offspring with 21 days of life are significantly lower when G20 is compared to G10, and this is compared to GC. These two measures present alterations according to the concentration of MSG on the diet, in other words, according to the increase of MSG (10 and 20%) there was a decrease on the weight and NAL at 21 days of life. Weight and NAL at birth among the three groups did not differ significantly. However, in the gross analysis of the data, we can observe that the weight at birth of G20 seems lower than the other groups. Perhaps that difference has not been demonstrated due to the small magnitude of the measure (tenth of grams) and relatively small size of the sample.
Weight and NAL data besides being analyzed separately were also assessed through IL and through the increase percentage from birth to the 21 st day of life. IL is equivalent, for rats as the BMI used in humans, which takes into consideration the mass distribution through the body surface. IL in rats is calculated through the cubic root of the weight (in g) divided by the height (in cm) (nasal-anal distance -NAL) and multiplied by 1.000 [25] [26] [27] . IL at birth in the GC is significantly larger than the one in the G20 (p < 0.05). However, when we followed these rats until the 21 st day of life, we noticed that the growth (NAL) and the weight increase do not occur in the same way in those two groups, because IL with 21 days is similar among them, in other words, in this period the group G20 gained more body mass, related to its body surface, in comparison to group GC. This shows an increase in the IL in the rats of mothers fed with ration supplemented with 20% of MSG until the 21 st day of life. Stretching these data to the future, we would have an increase tendency in the IL of rats of the group G20 throughout the time.
These data are in accordance to what one would expect to find in the literature 7, 25, 27 . Hermanussen et al. 7 , administering MSG on the 3rd week of gestation, has shown similar results with lower weight at birth and with 30 days of life in the intervention group, using a dose of 5g of MSG orally. This dose is close to the one we used in the group 20%, that consumed around 22g of ration a day, about 4,5g of MSG. Nakagawa et al. 25 used MSG intraperitoneal in the newly born and assessed at 10 weeks of life. They also evidenced lower weight and stature and higher IL in relation to the controls. Souza et al. 27 , using MSG subcutaneously in newly born, found, already in the 30th day of life, lower NAL and higher IL in the intervention group in relation to the control. st day of life of the offspring of rats which had a consumption of ration with MSG being added in the concentrations of 20% (G20), 10% (G10) and pure ration (GC), decreasing among the groups GC, G10 and G20, respectively (p < 0,01) TABLE 2 -Weight and NAL increase percentage from birth until the 21 st day of life of the offspring of rats which had a consumption of ration with MSG being added in the concentrations of 20%(Group 20%), 10% (Group 10%) and pure ration (Control Group). Consumption of ration and water of pregnant rats on the gestational period among Group 20%, Group 10% and Control Group
The NAL increase percentage from the day of birth to the 21 st day of life evidences that the G20 group has significantly lower growth than the G10 and this is lower than the GC. We observed a dose-dependent curve in relation to MSG, since the growth percentage of the G10group, besides being different from G20 and GC, presents an intermediate value among them (Figure 4 ).
According to weight increase percentage, we verified a tendency that can also have a dose-dependent relationship. In spite of there not being statistical difference between G10 and the other groups, G10 has an intermediate absolute value between GC and G20, which are statistically different (p<0,01) (Figure 3 ). These findings are similar to the ones from Hermanussen et al. 7 , that found difference in the weight of mothers nestlings fed with concentrations between 2,5 and 5g of MSG. As already mentioned above, we used doses of MSG in this study very close to the ones used by Hermanussen et al. 7 The Tingxi Yu et al. 28 study, on the other hand, did not find dose-dependence relationship in the fetuses on the two used doses, which were around 0.62 and 1g of MSG on the female pregnant rats from the 17 th to the 21 st day of gestation and during the whole gestational period.
Findings in literature analyzing MSG and the consumption of ration are conflictive. Some studies demonstrate decrease on the ration consumption in the group that uses MSG 25, 29, 30 and in others, an increase on the consumption is seen 7, 9, 10 . Articles, which demonstrate hypophagia with the use of MSG, used neonatal subcutaneous administration and evaluated the appetite after 10 and 20 weeks or after 30 to 150 days of intervention 25, 29, 30 . Those that evidenced higher consumption used MSG orally, and Diniz et al. 9 began the intervention with 21 days of life and assessed the consumption after 45 days. Other two articles 7, 10 used MSG in the gestation, starting from the 2nd and 3rd weeks of gestation. The first measured the consumption starting from 30 days of life up to 90 days, and the second assessed in 90 days of life. All those studies assessed the ration consumption of the nestlings after the weaning period. Literature shows that MSG given to rats orally increases its overall ration consumption after the weaning period. We did not find in the literature whether the addition of MSG in the ration of female pregnant rats would modify its own consumption. There was no difference on the alimentary consumption among the three groups of female pregnant rats. This information corroborates the results of the present study, because, if there was difference, it could slant both the weight and the NAL results of the newly born, acting as a confusing factor.
In the literature, regarding the consumption of food and water, there is only reference to offspring after the weaning period, when there is more consumption of water with the use of MSG in the maternal ration on the 3 rd week of gestation 7 . We assessed the ingestion of water of the female pregnant rat during gestation. There was a dose-dependent relationship, because the consumption of water was increasing among the groups GC, G10 and G20. We do not believe that this data might have influenced the main outcomes of the study. The higher consumption of water parallel to the concentration of MSG in the ration is probably related to the sodium component in MSG.
Olney 31 , using subcutaneous injection of MSG in newly born rats, related sterility of the females. Tingxi Yu et al. 28 administered MSG orally for pregnant female rats in the end of gestation and did not find alteration in the fertility of the offspring. Stegink 22 , evaluating the placentary transfer of MSG in monkeys, showed that the placenta would be virtually MSG proof and it would just allow the passage of its metabolites. However, doses 70 times beyond the normal, about 2.800 µmol/l resulted in transfer to the fetal circulation. In spite of some conflictive data in animals [32] [33] [34] [35] , the consensus on MSG claims to be a rational safety on the use of MSG during gestation in humans. We used a small number of pregnant females in order to state there are some interference on the reproductive apparatus from the use of MSG. However, from the gross data point of view, we observed that the success percentage on coupling was very different from GC (100%) in relation to the G10 and G20groups, respectively, 66 and 55%. In relation to G20, in which four female rats were not pregnant, a possible explanation, at least partly, it the fact that three of those were came from the same box, in other words, they were exposed to the same male rat.
Conclusions
The monosodium glutamate presented a dose-dependent relation in the variables weight and nasal-anal length. It caused a decrease in the growth pattern as well as in the weight gain pattern until the 21 st day of life. The Index of Lee of the group 20% had an increased in relation to the control group after three weeks of follow up.
